Abstract. CHAMP passes the geographic poles at a distance of 2.7 • in latitude, thus providing a large number of magnetic readings of the dynamic auroral regions. The data of these numerous overflights were used for a detailed statistical study on the level of activity. A large number of tracks with very low rms of the residuals between the scalar field measurements and a high degree field model were singled out over both the northern and southern polar regions, independently. Low rms values indicate best model fits and are therefore regarded as a measure of low activity, although we are aware that this indicator also has its limitations. The occurrence of quiet periods is strongly controlled by the solar zenith angle at the geomagnetic poles, indicating the importance of the ionospheric conductivity. During the dark polar season, about 30% of the passes can be qualified as quiet. The commonly used magnetic activity indices turn out not to be a reliable measure for the activity state in the polar region. Least suitable is the D st index, followed by the K p . Slightly better results are obtained with the P C and the IMAGE-AE indices. The latter is rather effective within a time sector of ±4 hours of magnetic local time around the IMAGE array.
Introduction
The magnetic activity at high latitudes is influenced by a number of different current systems. These are driven primarily by field-aligned currents (FACs) caused by plasma convection or pressure gradients in the outer magnetosphere. At times when the magnetosphere is very quiet the FACs calm down. During those times it may be possible to observe the response of the auroral ionosphere to electric fields produced internally by thermospheric wind dynamo actions (Campbell, 1997) .
The determination of the internal magnetic field at high latitudes is notoriously difficult, because of the large magnetic variations which are commonly encountered in these regions. Field modelers are therefore very much dependent on reliable criteria for a quiet time data selection.
The degree of ionospheric activity is primarily controlled by the solar wind-magnetosphere interaction. The influence of the solar wind increases when the interplanetary magnetic field (IMF) develops a southward component (negative B z ). The dependence of the magnetic activity on the orientation of the IMF has been investigated in many studies (e.g. Hirshberg and Colburn, 1969; Akasofu, 1979; Weimer, 1995) . During northward IMF the activity is much reduced, but the solar wind-magnetosphere interaction is still poorly understood for this configuration (Vennerstrøm et al., 2002) . In a recent study, Stauning (2002) showed, that for large positive B z above 5 nT, the FACs become stronger again.
The other factor influencing the current intensity is the ionospheric conductivity. Primarily, the source for the generation of charged particles in the ionospheric E-region is the solar extreme ultra-violet (EUV) radiation. In the auroral region, another aspect is quiet effective: collisional ionisation caused by precipitating, energetic electrons which are associated with intense FACs (Baumjohann and Treumann, 1996) . Hence we can expect reduced activity at night, in particular during the dark polar winter outside magnetic storm and substorm periods. It has been reported repeatedly that the indices used commonly for magnetic activity, like K p or D st , are not suitable for characterizing the activity in the polar regions (e.g. Xu, 1989) . In the literature, quite different criteria can be found which are used by various groups for selecting high latitude quiet periods. Sillanpää et al. (2004) used the condition K p ≤1.3 at a time 3 h before the event for their study of quiet days, and additionally, the auroral activity index for the IMAGE array (IMAGE-AE, cf. Kauristie et al., 1996) had to be less than 100 nT. For the purpose of main field modelling Olsen (2002) selected the data according to the following conditions: K p ≤1.3 at the time of the observation, K p ≤2.0 for the preceding 3 h, |D st |<10 nT, |d(D st )/dt|<3 nT and IMF |B y |<3 nT.
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A rather different approach was applied by Maus et al. (2002) . For their study of modelling the lithospheric magnetisation from CHAMP observations they inspected all polar passes regardless of the prevailing magnetic activity. Their criterion was the root-mean-square (rms) value of the variations in the residuals between a high degree field model and the scalar field magnitude detected in the auroral regions. Passes with an rms value below a certain threshold were classified as being quiet.
In the study presented here, we make use of this collection of quiet orbits. By doing so, we take the opposite path to many other researchers who used solar wind parameters for classifying their ionospheric observations. We start from the quiet polar region and study the prevailing conditions which have been leading to this low level of activity. A question we want to address is, How well do the various magnetic indices reflect the observed activity at auroral latitude? A more challenging task is our attempt to predict the quiet intervals from external parameters, e.g. the interplanetary magnetic field and solar wind speed, exclusively. For such a prediction to be effective it is important to understand the processes involved. For that reason we are going to examine the features of all auroral currents during the quiet periods of low rms.
In the chapters to follow, we first present the data used here, and then introduce the processing steps involved. Subsequently, we study the relation of the various magnetic indices to the quiet conditions at high latitude. In the discussion section we assess the relevance of all these results for the characterisation of the high latitudes. We pay special attention to the accompanying IMF conditions. Finally, we present an attempt to predict times of low magnetic activity at polar latitudes.
Data processing and data selection
The time period considered covers almost two years of CHAMP magnetic field measurements (August 2000 -May 2002 . Hence, the satellite crossed the poles more than 10 000 times. With some data being rejected for quality reasons (manoeuvres, computer outages) the full data set consists of 8550 passes over the north pole and 8610 passes over the south pole. The CHAMP scalar magnetic field measurements are available for the entire time span, providing a double coverage of all seasons. The CHAMP vector field data are preprocessed from May 2001 onward, i.e. they cover a one year period. As the number of overflights is so large, even an extremely tight selection criterion to single out the very quiet orbits can be expected to deliver a relatively large number of data which cover the entire polar region reasonably well.
For our purposes the polar region passes are assigned "quiet" based on the deviation of the measurements from a recent internal field model. As a criterion we use the mean rms value of the scalar residuals derived by subtracting a main field model (Olsen, 2002 ) and a constant homogenous external field (D st correction) from the observations over an orbit segment of 100 • across the pole. Rms values of less than 8 nT and 6 nT were selected as a threshold for the northern and southern polar passes, respectively. Figure 1 shows the distribution of rms residuals, especially the low values (green dots), over the entire time interval at the north and south poles. The threshold at the north pole was selected slightly higher, in order to account for the stronger crustal anomalies in that hemisphere. The group of quiet events contains 1360 passes (15.9%) at the north pole and 1406 passes (16.3%) at the south pole.
In the following section we want to find out whether there are magnetic indices which can be used as proxies to identify comparably quiet polar passes. For that reason we compare the rms residuals with a number of activity indices widely used to identify magnetically quiet periods: K p , D st , P C n , and IMAGE-AE.
The K p (a p ) index (Bartels, 1957; Siebert, 1971 ) is provided nowadays by the Niemegk Geomagnetic Observatory of the GeoForschungsZentrum Potsdam. Covering the range from 0 to 9, according to a quasi-logarithmic scale, the global K p index is obtained as the mean value of the disturbance levels in the two horizontal field components, observed at 13 selected mid-latitude (≈50 • ) stations during three-hour time intervals. Eleven of these observatories are located on the Northern Hemisphere and two are south of the equator. The a p index is an equivalent of the K p on a linear scale, ranging from 0 to 400. The K p and a p data are available at http://www.gfz-potsdam.de/pb2/pb23/GeoMag/ niemegk/kp index/. In our subsequent statistical analysis we make use of the a p index. Due to its logarithmic scale, K p is not suitable for use in linear calculations.
D st hourly values (Kertz, 1964; Sugiura, 1965; Sugiura and Kamei, 1991) can be acquired from the World Data Center for Geomagnetism (WDC-C2) in Kyoto (http://swdcwww.kugi.kyoto-u.ac.jp/dstdir/index.html). The D st index represents the axially symmetric disturbance magnetic field from large-scale magnetospheric current systems observed at the dipole equator on the Earth's surface. The four observatories used for this index are all located at latitudes below 40 • . The D st index ranges from relatively low positive values around 50 nT down to −400 nT.
The Polar Cap Magnetic Activity Index P C (Troshichev et al., 1988; Vennerstrøm and Friis-Christensen, 1991; Vennerstrøm et al., 1994; Papitashvili et al., 2001 ) is a proxy for the polar cap potential. It is determined from two observatories near the geomagnetic poles. One is located near Thule on Greenland for the northern index P C n (available from the World Data Center C1 at the Danish Meteorological Institute, ftp://ftp.dmi.dk/pub/wdcc1/indices/pcn), and the second one is the Antarctic station Vostok for the southern index P C s (available from the AARI-Arctic and Antarctic Research Institute, http://www.aari.nw.ru/clgmi/geophys/pc main.htm). The P C index is a dimensionless parameter characterizing the current state of the magnetosphere. The P C n values range from −1 to 5, and they are a measure of ionospheric convection across the polar cap that takes place as a result of coupling between the solar wind and the high-latitude 2004 P. Ritter et al.: High-latitude ionospheric currents during very quiet times ionosphere. For our comparisons we used the 15-min values in wdc format. Unfortunately, no P C s values are available for the time section presented here.
The IMAGE-AE index (Kauristie et al., 1996) is a local equivalent of the global Auroral Activity Index AE. It is computed from the observations of the Scandinavian magnetometer array IMAGE by superposing the horizontal magnetic time series of up to 27 stations between 58 • and 79 • N. Its values can reach beyond amplitudes of 1000 nT. The index data are provided as minute values, which we averaged over 15-min, to obtain one reading per pole passage.
The interplanetary magnetic field IMF components B y and B z shown in this paper are the 1-min final data of the Advanced Composition Explorer (ACE) satellite. They are published by the NASA Science Center. The average solar wind velocity from ACE is 444 km/s for the investigated time period; the mean transit time for the distance between the highaltitude satellite at L1 (≈1.48 million km from Earth) to the magnetopause is thus 54 min. The transit time of each event, however, was computed individually using the 1-min solar wind speed data. For the development of the FACs to the orbit position of the low-altitude satellite CHAMP (about 425 km from Earth) we add another 15 min (Weimer et al., 2003) .
The ionospheric currents at high latitudes comprise Hall, Pedersen and field-aligned currents (FACs). All three contribute to the magnetic fields measured by satellites. The horizontal ionospheric currents are determined from the scalar magnetic field data of the Overhauser magnetometer on CHAMP. The FACs are computed from the vector data of the Fluxgate magnetometer. Since the Pedersen currents divert into vertical FACs at these high latitudes, it can be assumed that they cause only transverse magnetic fields. Thus, primarily Hall currents contribute to the total field .
For the calculation of these horizontal currents in the polar regions we approximate them by a series of infinite line currents (Olsen, 1996; Ritter et al., 2004) . The current model is fitted to the data using Biot-Savart's law. The scalar magnetic field residuals are available at a rate of 1 Hz, which is equivalent to 16 measurements per degree of latitude. For the inversion the line currents are placed at a height of 110 km above the surface of the Earth. They are separated horizontally by 1 • in latitude (also approx. 110 km) over an orbit segment of ±80 • centered at the closest approach to the geographic pole. For these calculations a static current system is assumed. Due to the orbital velocity of 4 • per minute, an averaging effect of approximately 5 min occurs .
In order to isolate the magnetic effect of the ionospheric currents in the CHAMP measurements, the contributions from all other sources have to be removed from the scalar field readings. Accordingly, the data processing includes subtraction of the main field model CO 2 (Holme et al., 2003) , employed up to degree and order 14, and elimination of the ring current effect (D st -correction). We also apply a trend correction over the entire orbit segment to account for possible asymmetries of the ring current, and a parabolic tapering of the currents at the edges of the interval, in order to suppress any currents showing up spuriously at lower magnetic latitudes (θ m <40 • ). The lithospheric magnetisation is accounted for by subtracting a recent crustal magnetic field model (Maus et al., 2002) .
The field-aligned currents were computed track-by-track using Ampere-Maxwell's law ∇×B=µ o j . For this more qualitative purpose we assumed field-aligned current sheets perpendicular to the orbit tracks. In that case we can use the relation
where v ⊥ is the orbit velocity component perpendicular to the ambient magnetic field and B ⊥ is the magnetic field component perpendicular to both the magnetic background field and the velocity vector. This assumption generally underestimates the current density (Lühr et al., 1996) . Applying a 20-s running mean to the 1-s time series of current estimates reveals the large-scale FAC pattern with a maximum and a minimum on either side of the geomagnetic pole -the locations of the Region 1 and Region 2 currents.
Features of quiet periods
During the time span considered for our study, conditions ranging from active to very quiet occurred, according to the respective solar wind activity and seasonal conductance state of the ionosphere. The two bar diagrams of Fig. 1 show how strongly the occurrence of very quiet orbits in both hemispheres depends on the seasons, i.e. the solar elevation. Once the solar zenith angle (χ ) at the respective geomagnetic pole drops below 80 • and the ionospheric E-region is continuously sunlit, only very few quiet events are detected. During the dark winter months, on the other hand, we observe a large number of very quiet passes due to the greatly reduced conductivity of the ionosphere. Table 1 lists the average values of the rms residuals and of the K p , C n , D st , and IMAGE-AE indices: the mean rms values are about 25 nT, the mean K p values at the north and south poles are approximately 2+ (a p 9), the average |D st | values are around 20 nT, |P C n | averages generally at 1.25 and the mean absolute IMAGE-AE values range around 130 nT.
Although the mean index values of the very quiet events are lower, the quiet passes occur over a fairly large range of activity indices K p <4 (a p <27) and |P C n |<2 for the north pole, as shown in a recent study by Ritter et al. (2003) . The D st -range is confined to values >−50 nT, i.e. only slightly reduced compared to average condition periods (mostly >−80 nT). IMAGE-AE and rms show a more pronounced difference between normal and quiet periods. A comparison of the ratios of rms, K p , D st , P C n and IMAGE-AE indices of "normal" and quiet events suggests that D st with the lowest ratio is the least efficient activity measure for the polar Correlation analysis between the rms values of the residuals and activity indices a p (K p ), D st , P C n , and IMAGE-AE at the north (left) and south pole (right). Left columns for "normal" passes, and in the right columns those accepted by the rms criterion for very quiet orbits. Each diagram shows the index versus the rms value across the polar track, the regression line is added. The correlation coefficients R ("corr") are listed in the diagrams.
regions (cf. Table 1 ). K p also turns out to represent magnetic activity at the polar regions not too clearly. Naturally, the effectiveness of northern based IMAGE-AE and P C n indices are reduced at the south pole, but they are still better than K p and D st . (d) Fig. 3 . Correlation analysis between the rms values of the residuals and both the ionospheric Hall and the field-aligned currents determined from CHAMP data at the north (left) and south pole (right). Left columns for "normal" passes, and in the right columns those accepted by the rms criterion for very quiet orbits. The possible range of regression lines is indicated, and the correlation coefficients R ("corr") are listed in the diagrams.
marginal in both hemispheres. At the north pole the correlation of P C n with rms is also poor, whereas IMAGE-AE shows a better but far from good correlation. At the south pole we can observe the opposite case, the correlation of P C n with rms is better than that of IMAGE-AE. For the quiet periods the amplitudes of rms are generally smaller and for these low rms values none of the indices shows a correlation.
The correlations of the ionospheric and field-aligned currents with the rms values is presented in Fig. 3 . Since the horizontal currents, as well as the rms values, are computed from the scalar residuals, the correlation coefficients are high for average activity orbits. The FACs amplitudes are significantly less correlated with rms. The correlation during very quiet periods is not significant for both current systems.
The IMAGE-AE index provided the closest agreement with the rms of the magnetic residuals measured by CHAMP in the north polar region. For this reason we want to explore this index a little further. It has been shown in an earlier study ) that estimates of the ionospheric Hall currents (IHCs) derived from ground and satellite observations deliver very much the same results when determined from satellite and ground level, above and below the ionosphere. In the subsequent assessment we will consider the physically more meaningful IHCs rather than the rms for the level of magnetic activity.
In a first step we compare the variation of the ionospheric current densities of the quiet orbits as determined by CHAMP with the IMAGE-AE index readings of the times when the satellite passes the northern auroral regions. Figure 4 shows the mean IHC in the top panel and the simultaneous IMAGE-AE index below. Both are plotted versus the magnetic local time (MLT) of the observations. In case of the IMAGE data the MLT is 2.5 h ahead of UT. For CHAMP results we took the MLT value attained when the satellite crossed the 70 • corrected magnetic (cgm) latitude.
The amplitudes for these quiet passes are fairly low in both panels. Even so, we obtain significantly enhanced current densities from the satellite data around noon. During the hours 09:00 to 13:00 MLT the amplitudes have almost doubled. The IMAGE-AE gives a slightly different picture. Here we find little dependence on local time except for a shallow activity minimum around noon.
The observations from CHAMP cover the whole polar regions while the IMAGE-AE is derived from a single longitude sector. To study how the quality of the correlation depends on the longitudinal separation of the measurements from ground and space, we re-sampled our results and examine the correlation coefficient of all orbits as a function of magnetic local time difference between the two observations. The result is presented in Fig. 5 . As expected, the correlation clearly peaks (>0.8) when the satellite crosses overhead the IMAGE magnetometer network, at the lag time 0. A steep correlation drop can be observed on both sides. For separations of more than 4 h in local time the correlation coefficient varies around 0.6.
The average intensity of the field aligned-currents (FACs) is reduced by a factor of about 3 during the quiet passes compared to normal conditions, as can be seen in the bottom row panels of Fig. 3 . Besides the reduction in strength there is also a poleward shift of the FACs, and a re-ordering of the upward/downward current pattern takes place. We have calculated the current densities of the quiet events according to Eq. (1) and then averaged the FAC readings over 20 s, which is equivalent to a spatial average of 135 km at E-region level. Subsequently, we picked the peaks of upward and downward current density of each auroral region pass. The locations of these peaks are plotted in a latitude-magnetic local time frame, using color coding for the different levels of current density. Figure 6 shows separately the upward and downward FACs both for the north and south poles. Current densities below 0.25 µA/m 2 have been omitted from the plots, since they could not be determined reliably. Thus, in ≈30% of the passes across the north pole (≈55% at the south pole), the FAC density was below the measurement threshold.
During these very quiet periods the FAC pattern looks slightly different from normal conditions. The identification of the Region 1 and 2 currents is not so obvious any longer. When concentrating on the more intense FACs, we find some black dots, denoting the strongest amplitudes in Fig. 6 , around midnight. The majority of the high current densities, however, is clustered around noon. Looking at the north pole, intense downward FACs are found in the prenoon sector, equatorward of the upward FACs, and in the afternoon sector, poleward of them. This configuration of FAC pattern is consistent with the results of Stauning et al. (2002) and Vennerstrøm et al. (2002) , who studied the distribution of FACs at high latitudes during periods of prolonged northward IMF. Interestingly, the situation is not so clear at the south pole. Here, the FAC distribution looks quite symmetrical around noon. We have no good arguments to explain the hemispheric differences. The FAC intensities, however, are quite similar at both poles.
We also considered the interplanetary magnetic field (IMF). When limiting our attention to the quiet time passes we find predominantly positive values for the B z component, while B y scatters quite evenly about the zero line. In Fig. 7 we plotted the IMF B y and B z values of the quiet times versus the magnetic local time of the satellite passes, separately for the north and south pole. The two top panels give an impression of the encountered values. The bottom panels contain averages over one hour in local time. The B z average stays close to 2 nT over all times and there is no difference between the hemispheres. Interestingly, we find a slightly negative B y average for the north pole samples and a positive average of similarly small magnitude for the south pole. Since the quiet periods are closely connected to the dark seasons, we may speculate for the investigated time period that a slight tilt of the IMF towards negative B y is favorable for quiet conditions during the Northern Hemisphere winter, whereas a small positive B y bias seems to allow for quiet periods during southern winter. This suggestion is supported by a statement in Friis-Christensen and Wilhjelm (1975) who report stronger westward electrojets for IMF B y >0 in the Northern Hemisphere during winter months.
Above, we have tested the correlation between the rms values of the scalar residuals from polar passes and several magnetic activity indices. In the case of quiet conditions no significant correlation was found (cf. Fig. 2 ). As this might partly be due to a time shift between the reaction of the indices and the polar activity, we performed a superposed epoch analysis with the various parameters. For each of the quiet passes we defined the closest approach to the magnetic pole as the key time. We determined the respective indices in time segments of ±6 h around the event time, stacked the data of all quiet passes and averaged the compiled index curves at time steps of 10 min.
The results for the north pole are shown in Fig. 8 . As expected, the D st index shows almost no variation over the whole period. There is a slight decrease in the magnetic activity index, a p , two hours before the key time. Clearer responses are found for the Polar Cap index, P C n , and the IMAGE-AE index. Their amplitudes reduce to about 50% some 10-20 min before the key time compared to the levels longer before and after T 0 . When looking at IMF conditions, we observe no signature related to the quiet polar region in the B y component. In the B z component we find a systematic positive excursion of the average track surpassing 2 nT. When averaging the positive and negative field readings independently, the positive mean stays constant throughout all hours while the average curve of the negative readings attains its smallest values of about −1 nT one hour before the key time.
Another parameter we considered in Fig. 8 is the merging electric field E m as described by Kan and Lee (1979) :
where v SW is the solar wind velocity, B y and B z are the IMF components and θ is the IMF clock angle. This geoeffective solar wind electric field exhibits a clear minimum shortly before the key time, reaching values below 0.4 mV/m. This quantity seems to be a good indicator for a quiet polar current system. Results of the superposed epoch analysis for the southern polar region (not shown here) look very much the same. After having realized that the solar wind conditions are a good indicator for auroral activity, equally sensitive for both hemispheres, we carried this a step further. Figure 9 shows the distribution of some solar wind related quantities for all orbits and during the periods which have been identified as quiet in the northern polar region. The following features are found for the quiet periods (right-side histograms): The IMF B z in the top right panel exhibit a clear positive bias centered at 1.5 nT. The IMF clock angles in the second frame occur mostly between −90 • and 90 • . The distribution of the solar wind velocity in the third panel peaks at a fairly low speed of 340-360 km/s. Finally, the derived electric field in the bottom frame attains its largest occurrence rate at values less than 0.2 mV/m. From this it becomes quite clear that the merging electric field is a main driver of activity in the high latitude ionosphere.
Discussion
We have presented several aspects of the high-latitude ionospheric current systems during magnetically quiet periods. The events were selected based on the rms value of the variation of the scalar field residuals experienced during the passage of the polar region, beyond 50 • latitude. Besides the ionospheric currents the crustal anomalies also add to the variations. This is the reason for the different levels of rms values, as observed in Fig. 1 , which are, as expected, different for the two hemispheres. Thus, our rms value also has to be considered as an incomplete measure of the true activity state of the polar ionosphere.
The scalar residuals are only negligibly influenced by field-aligned currents. Their effect is confined to transverse magnetic field components. Also, the Pedersen currents contribute little to the magnetic field magnitude (see Ritter et al., 2004) , as long as the conductivity gradients are small, which can be expected during quiet periods. We are therefore left with the Hall currents that are responsible for the variations in the obtained rms values. As shown in Fig. 3 , the correlation coefficient, the rms values, and the Hall current intensity determined from CHAMP data are well beyond 0.9 for both hemispheres. Hence, by using the rms criterion we have selected events with weak Hall currents. The amplitudes of rms provide no a priori information on the FAC activity. The solar zenith angle at the geomagnetic poles turns out to have a strong controlling influence on the occurrence rates of quiet passes (cf. Fig. 1 ). This is plausible, since the Hall current intensity is the result of the product of the driving electric field and the ionospheric conductivity. During darkness, the most effective process for enhancing the conductivity is collisional ionisation caused by precipitating electrons. Intense FACs required for this process are generally associated with magnetic storms or substorms. This is the reason why we can classify around 25% of the passes as "quiet" during seasons when the Sun is below the horizon (χ >90 • ) at the magnetic pole. On the other hand, hardly any quiet pass is found at summertime, when the polar ionosphere is continuously sunlit. Then the ever-flowing FACs drive ionospheric currents all the time.
One aim of this study is to find out which of the magnetic indices is best suited to predict the level of activity in the auroral region. There is no single index, as is demonstrated in Sect.3, that is able to identify reliably quiet periods at high latitude. The least suited measure is the storm-time index D st . It mainly reflects the ring current intensity. During quiet times variations of D st are to be largely caused by the decay of the ring current. Therefore, this index tracks a current system decoupled from the high latitudes.
The commonly used magnetic activity index K p or a p shows a slightly better, but not satisfying relation to the level of activity at high latitudes. K p is responding to the remote effects of the auroral electrojets and to variations in the ring current. The polar cap index, P C, reflects the intensity of plasma convection or equivalently the cross-polar cap potential and is thus a lot more effective. With the electric field at high latitude we have already one factor controlling the current intensity. However, for a clear identification of quiet times this is not sufficient. In our assessment we have omitted the auroral activity index AE. It is derived from observatories at magnetic latitude 65 • to 70 • N. There are two shortcomings with this index. Most of the data for the time interval studied here are still preliminary, and the locations of the stations are too far south to follow the activity properly at very quiet times. As a replacement we tested the IMAGE-AE. This index has the advantage of good latitudinal coverage, but the disadvantage of a limitation to a single longitudinal sector. The comparison of the quiet time variations of the ionospheric current densities, as determined by CHAMP with the IMAGE-AE index readings, revealed enhanced current intensities from the satellite data around noon (Fig. 4) . Note that there is no event with negligible current density encountered in this time sector. On the other hand, little dependence on local time except for a shallow activity minimum around noon can be observed in the IMAGE-AE index. This discrepancy might be explained by the occurrence of daytime cusp activity at higher latitudes, which is probably missed by the IMAGE magnetometers, since most of the stations are located further south. The observed amplitude similarity at nighttime agrees qualitatively with Kauristie et al. (1996) , who state a low relative error (less than 20%) between the global AE and the local IMAGE index (AU and AL) during the evening and night hours. A cross-correlation between the IMAGE-AE and CHAMP measurements shows that the auroral activity level is reflected well in the actual sector, but the relation drops off for larger separations (cf. Fig. 5 ). For time zones more than 4 h apart the correlation coefficient scatters around only 0.6. This analysis gives an indication of the required density of such meridional chains to monitor the auroral activity globally.
An important quantity controlling the high-latitude processes is the interplanetary magnetic field (IMF) (Papitashvili et al., 2002) . We have checked the IMF conditions during our quiet intervals and found, as expected, a predominantly positive B z . The B y component differs only slightly from its mean distribution. During periods of prolonged northward IMF, reconnection poleward of the cusp starts, and the so-called northward B z (NBZ) FAC configuration builds up, which was first outlined by Araki et al. (1984) and Iijima et al. (1984) , and later refined by Weimer (2001) . The distribution of relatively intense field-aligned currents in our data, as shown in Fig. 6 (black dots), is consistent with the expected picture in the case of the north pole. We find upward FACs poleward of the downward currents in the pre-noon sector and the opposite sequence on the afternoon side. This pattern is consistent with the detailed studies of Vennerstrøm et al. (2002) and Stauning (2002) . These authors also showed that the predicted plasma convection is concentrated around local noon in the case of an NBZ configuration. Our Hall current estimates of the quiet orbits show enhanced amplitudes for magnetic local times between 07:00 and 14:00 MLT (cf. Fig. 4 ). These observations fit nicely with the expected convection patterns associated with an NBZ configuration. We may therefore conclude that the NBZ-related currents in the dayside cusp and polar cap are the dominating ones during very quiet times and should be taken into account in internal field model approaches.
The superposed epoch analysis is a useful tool to investigate the dependence of different parameters. Here, we have tested the delayed response of the auroral activity to the various indicators. As can be seen from Fig. 8 , the a p index goes through a shallow minimum already 2 h before the key time. It is not clear to us which mechanism is responsible for this delay. The P C n reaches its minimum 20 min before the key time. This may be interpreted as the decay time of the auroral electrojet. As expected, the IMAGE-AE reacts virtually simultaneously. The ground stations and the satellite respond to the same currents.
In case of the average IMF B z we obtain a broad maximum about an hour before the quiet pass. This is valid, although the transit time of the signal from ACE satellite to the ionosphere has been taken into account. It has been mentioned earlier that changes in the solar wind, in particular a switch from negative B z to positive values may have a delayed response of about an hour in the high-latitude convection .
After having studied the characteristics of polar current systems during very quiet periods as well as investigating the relation to relevant indices and ambient conditions, we want to make a suggestion for identifying times of quiet conditions based on external parameters, e.g. IMF and solar wind velocity. This might be of great interest for magnetic field modelling studies.
As mentioned before, current density is the product of conductivity and the electric field. Either one or both have to be small during quiet periods. In general, we can expect low ionospheric conductivity when the Sun is below the horizon. For this reason we limited our interval of predicting low activity to the times when the magnetic pole is at a zenith angle, χ >90 • . The obvious second condition is a low electric field as determined by Eq. (2).
In order to test the prediction capability we make a list of all polar passes and single those out which occur during times when our conditions for a quiet period are fulfilled. Then these selected passes are compared with the list of quiet orbits identified by the rms criterion. The results of this test are compiled in Table 2 , separately for the northern and southern polar regions.
When choosing a fairly large range for the electric field, up to 0.8 mV/m, about 2/3 of the quiet passes are captured. More than half of the detections, however, are wrong, i.e. they were not found by the rms criterion. When reducing the E-field range, the false detections become less, but the positive detection yield decreases even faster. In accordance with Fig. 9 , we tried to add more constraints on the solar wind conditions. This helped to bring down the false detection rate a little, but again at the expense of positive detections.
The reason for this development is that a good part of the quiet events occur during times of sizable E-fields, stronger than 0.4 mV/m. This requires a very low ionospheric conductivity. Since we treat the conductivity as constant over the whole polar region in our approach, it seems to be hard to achieve a reliability of more than 50% in the prediction of the high-latitude activity state with the help of solar wind parameters only. A more sophisticated treatment of the ionospheric conductivity might improve the predictability. Another concern which should be taken into account, is that our activity indicator, the satellite rms value, has its limitations, since it responds to both the crustal anomalies and the ionospheric currents. This probably reduces the prediction yield, too.
Conclusions
We have studied the features of ionospheric current systems at high magnetic latitudes during quiet times. The dominating current distributions encountered, both horizontal and field-aligned, are found to be consistent with the pattern expected for NBZ conditions in the dayside cusp and polar cap region. An important purpose of this study was to find out the prevailing conditions which lead to reduced current intensity. We obtained the following main results:
1. Commonly used activity indices are not well suited for selecting low activity periods of auroral regions. The order of indices from least suitable to best is: D st , K p , P C, IMAGE-AE.
2. The solar zenith angle χ at the magnetic poles has a strong influence on the occurrence rate of quiet events. During the dark polar seasons (χ <90 • ), low activity is encountered at 30% of the satellite passes.
3. A second important factor ruling the ionospheric activity state is the IMF orientation. The majority of the quiet events is accompanied by a positive IMF B z (0....3 nT).
4. The most suitable indicator of the parameters investigated for the detection of low activity periods is a low merging electric field.
5. For the prediction of quiet polar regions a combination of conditions based on the solar zenith angle at the geomagnetic poles and the merging electric field are most effective. The success rate ranges around 50% of the events detected by our satellite rms criterion.
For an improvement of the reliability of the predictions a better understanding of the ionospheric conductivity distribution is required and probably an enhanced measure for the true polar activity state. This could be the topic of a following study.
